Abstract -
Introduction
Surface water quality is directly linked to the land cover of a watershed [1] . It can be degraded by changes in land cover due to various anthropogenic activities, resulting in threats to the aquatic ecosystem and posing serious challenges to drinking water supply authority [2, 3] . For sustainable land use and resource management, it is crucial to understand how land use patterns affect surface water quality [4] . For example, Tong and Chen [5] found a positive correlation between the area of agricultural and urban lands and the loading of nitrogen and phosphorus within different watersheds in Ohio from 1988 to 1995. Smith et al. [6] found an increase of copper and zinc concentrations in a Canadian watershed from 1993-1994 to [2003] [2004] due to an increase of agricultural activities. Lin et al. [7] found that the phosphorus loading in Lake Allatoona Watershed in USA increased by 17.5% from 1992 to 2001 due to a 20% decrease of forest area, a 225% increase of urban area, and a 50% increase of pasture area, respectively. Broussard and Turner [8] observed a significant increase of nitrate-nitrogen (NN) concentrations in 56 USA watersheds from 1900 to 2002 due to an increase in agricultural area. Huang et al. [9] found a negative correlation between the area of forest and grassland and the concentrations of total nitrogen (TN) and total phosphorus (TP) in Chaohu Lake Basin, China from 2000 to 2008, and they also observed a negative correlation between built up area and dissolved oxygen (DO) concentration in that basin.
The change in land cover and land management practices in a watershed have been recognized as major factors affecting its hydrological system which may then cause variation in its water quality [5] . The Peace Region in northern British Columbia in Canada is a diversified area where different types of land use 46 activities (e.g., timber harvesting, agricultural, oil and gas, wildlife, and recreational) occur. However, very few research works have been reported which investigate the interaction between land use/land cover change and watershed-scale surface water quality variation in this region. The objective of this study is to fill this gap. The Kiskatinaw River Watershed (KRW) was used as a case study. The river water of KRW was analyzed for its total organic carbon (TOC) concentration in 2010-2011, and the water quality during this time period was then compared with 
Study Area
The Kiskatinaw River Watershed (KRW) is situated in northeastern British Columbia, Canada (Fig. 1) , covering an area of about 2882 km 2 . The City of Dawson Creek provides drinking water to its inhabitants and industrial users by collecting and treating water from the Kiskatinaw River. The KRW is an intensively used watershed as a result of the large and increasing scale of timber harvesting, oil and gas exploration/production and urbanization in recent years. It is a rain-dominated hydrological system, with peak flow occurring from late June to early July. It receives an average annual precipitation of 499 mm which consists of 320 mm of rain and 179 mm of snow. The average annual river flow rate of the Kiskatinaw River is 10 m³/s, but the flow drops to 0.052 m³/s in January [10] . In this study, TOC was selected as a study water quality parameter because it plays an important role in stream chemistry [11] by complexing metals and nutrients [12] , affecting pH and alkalinity [13, 14] and acting as a substrate for microbial production [15] . It contains all forms of organic carbon, including petroleum hydrocarbons and natural organic matter [16] . Excessive TOC in source water could lead to the formation of carcinogenic by-product such as trihalomethane (THMs) following chlorination treatment [17, 18] .
Methods

1. Water Quality Sampling
The British Columbia (BC) Ministry of Environment conducted a water quality study within KRW in 2004-2005 at four sampling locations (i.e., Arras, Brassey, East Confluence, and West Confluence) ( Fig. 1 ) [19] . In the present study, water quality samples were collected in 2010-2011 at the same locations to measure the total organic carbon (TOC) concentrations. The Arras, East Confluence and West Confluence sites were sampled on seven occasions, and the Brassey site was sampled on six occasions. On two occasions, duplicate samples were collected at the same site and time in order to evaluate sample collection consistency [20] . The samples were collected using acid-washed 120-mL plastic bottles and stored in an ice-packed cooler, and were then sent to a certified laboratory for analysis. The TOC was measured using a Shimadzu (TOC-500) total organic carbon analyzer. The sampling and testing techniques used in 2010-2011 were consistent with those used in [2004] [2005] , and the variation of water quality between the two time periods was then examined. 
Hydrological Data Collection and Land Use Maps
The precipitation data of KRW and stream flow data at Arras site (i.e., outlet of KRW) during 2004-2005 and 2010-2011 were collected from Noel weather station and Farmington Water Survey Canada station, respectively. The land use maps for 1999 and 2010 in the KRW were generated using remote sensing analysis and Arc GIS based on collected Landsat satellite image of that corresponding year. The details of land use map generation can be found in Saha et al. [21] . The largescale shale gas exploration/production activities began Table 1 . It is seen that the major land use change was from forest clear cut and wetland. The "forest clear cut" area includes the forest cut block areas which were cleared by industry (e.g., oil and gas) or for other purposes. This land use class comprises most of the gas development infrastructure, including drilling pads. Forest clear cut area increased by about 268%, while wetland area decreased by about 97%. The rapid change in forest clear cut was primarily due to large scale oil/gas exploration/production, while the rapid change in wetland area may be due to the shift of vegetation and oil/gas exploration/production in the study area. It was also found that forest and built up area (e.g., road, house, industrial infrastructures) increased by about 4% and 106% from 2004-2005 to 2010-2011, respectively. The agricultural (e.g., cropland and pasture) and open water (e.g. river, small channels) areas decreased by 57% and 17%, respectively. 
2. Precipitation and Stream Flow Trends
3. Variation of Total Organic Carbon Concentration
The comparison of TOC concentrations at four sites between 2010-2011 and 2004-2005 is shown in Fig. 4 . TOC concentrations at the Arras site (Fig. 4a) respectively. This illustrates a significant decrease of TOC concentrations at this site. The primary sources of TOC are natural sources (degradation of terrestrial vegetation, wetlands) as well as agricultural, industrial and residential waste discharges [19] . When terrestrial vegetation degrades, organic carbon can enter the soil. The surface runoff and erosion could then carry the organic carbon enriched soil into a nearby river/stream during snow melt and rainfall events. In general, TOC concentration is much higher in forested soils than agricultural soils [23, 24] . However, soil erosion rates from the agricultural area are higher than from the forest [25] . Therefore, a decrease in agricultural area could result in a decrease of soil carbon erosion [26] and thus a reduced TOC concentration in the nearby river/stream. In addition, several studies found that wetlands are the major contributor of TOC to streams and lakes [11, [27] [28] [29] [30] . TOC enters wetland via groundwater and surface runoff from TOC enriched surrounding upland soils [31] . The decrease of TOC concentrations at the Arras site may be due to the decrease of the degradation of terrestrial vegetation, agricultural activities, the loss of wetlands in the KRW, and the increase of forest clear cut and built up area, as well as the strict regulations imposed on industrial discharges between these time periods. In 2007, British Columbia Ministry of Environment introduced the Oil and Gas Waste Regulation (OGWR) under the Environmental Management Act of British Columbia [32] , which reduced the discharge of hydrocarbons from the oil/gas industry to the environment and thus resulted in lower TOC concentration in the study area. From 2004-2005 to 2010-2011, wetland and agricultural activities in the study area decreased by 97% (233 km 2 ) and by 57% (56 km 2 ), respectively. On the other hand, forest, forest cleat cut and built up area in the study area increased by 4% (100 km 2 ), 268% (177 km 2 ), and 106% (17 km 2 ), respectively. Although forest area, which contains soils with highest TOC concentrations than agricultural soils, increased by 100 km 2 , TOC concentrations did not increase in the study area in 2010-2011. Due to the decrease of wetland, which is the main contributor of TOC to streams, by 233 km 2 and agricultural area by 56 km 2 , TOC concentrations decreased in the study area in 2010-2011. These land use changes support the decrease of TOC concentrations in the KRW in 2010-2011. These results also correspond to the findings in other studies of changing TOC concentrations due to land use changes [30, [33] [34] [35] [36] .
It was also found that TOC concentrations at the Arras site were high in both 2004-2005 and 2010-2011 during high stream flow period, such as the high TOC concentrations observed during September 2004 and June 2011 when heavy rainfall events occurred. This indicates that more rainfall led to more TOC concentrations at the nearby stream/river during spring runoff and summer due to more surface runoff and erosion [25, 37] . In addition, the increase of forest clear cut (177 km 2 ) and built up area (17 km 2 ) intensified soil erosion rates by increasing surface runoff during heavy rainfall [38] . Fig . 5 shows the spatial variation of TOC concentrations in 2010-2011 in the KRW, and it can be found that the TOC concentrations were higher at the Brassey site compared to other sites. This may be caused by more agricultural activities and more degradation of terrestrial vegetation due to urban development (e.g., roads, roads crossing) in the Brassey area. In addition, soil erosion rates from the agricultural area are higher than from the forest [18] , and urban development in the Brassey area intensified the soil erosion rates, which resulted in higher TOC concentration. Correll et al. [18] also found higher TOC concentration in agricultural watershed than forested watershed. TOC concentrations at the Arras site (i.e., outlet of the watershed) were also higher than that at the West Confluence site (upstream) because of discharge from Brassey with high TOC concentration to Arras. 
Conclusion
This study investigated the effects of land use change on surface water quality in the Kiskatinaw River watershed in northern British Columbia. The river water was sampled at four locations in 2010-2011 for analyzing total organic carbon (TOC) concentrations. The results illustrated that land use change played a primary role in the reduction of TOC concentration in the river water. The results also indicated that TOC concentrations were high at the agriculturally intensive sites than other types of land uses due to higher soil erosion rates. In addition to land use change, rainfall played a secondary role in TOC concentrations in the nearby stream/river during spring runoff and summer due to more surface runoff and erosion. Therefore, the results obtained from this study will be helpful for making better land use management plan in watershed to control TOC concentration.
